ABSTRACT -This paper presents design concepts in developing an Autonomous Golf Playing Micro Robot. The robot moves autonomously using 2 DC motors controlled by a remote PC using fuzzy logic system. A servomotor is used for the motion of the putter in hitting the golf ball. A microcontroller is used to process the information sent by the computer through RF communication and drive the robot motors for appropriate motions. The robot plays golf` in a defined environment and avoids obstacles.
I. INTRODUCTION
The technological advances in today's society helped cultivate the path for the development of robots, thus, increasing the roles they play that vary from industrial applications to complex educational and entertaining projects [1] . Due to continuous increase of robots in operation and human's growing reliance on them, it is best that students have fundamental knowledge on robot technology. So as to incorporate fun into learning robotics scientist and researchers chooses sports as a means of presenting the technology in an entertaining and exciting way [2] - [5] . The Autonomous Robotic System for
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Playing Mini-Golf was developed to demonstrate robotic applications to engineering students [6] . A golf playing robot called AHAG was created to show how a robot can conform to the different rules of golf and functions [7] . However, limitations were encountered in these researches because of poor navigation due to problems in identifying and locating objects on the field. Robot navigation and path planning is widely researched and still need attention for improvements particularly in dynamic environment [8] - [12] .
The autonomous golf playing micro robot (AGPMR) is an excellent platform for developing educational and entertaining robots because golf is a sport that requires sophisticated intelligence, planning, and strategies in order to win the game. Golf game involves knowing the exact position of the ball and determining the best approach in traversing a given fairway. The AGPMR is capable of putting.
Putting, just like any other skill in golf, requires good control. The potential of a good golfer to calculate and assess the proper direction and appropriate force to hit the ball into the hole is the key component in sinking the golf ball into the hole. The integration of such human capabilities and intelligence into the robot system is the main interest in this paper.
The next sections presented in this paper are organized as follows: Section 2 discusses the environment and physical structure of the AGPMR. Section 3 discusses the processes involved in designing the controller of the AGPMR. This includes the global vision system and strategies in playing golf. Section 4 discusses the fuzzy logic motion controller for AGPMR. Section 5 presents the experiment results with the analysis and discussions. Finally, section 6 presents the conclusion and future recommendations.
II. THE AUTONOMOUS GOLF PLAYING MICRO ROBOT ENVIRONEMENT
In this research, a simulated golf course has been used which is confined in an indoor environment that has an area of 1.2 x 1.6 meters. This field has a wall barrier along its perimeter with a height of 0.1 meter. The ground floor is flat surface covered with green carpet-like cloth. Although real golf rules are adapted into the game minor adjustments are also made. The hole has a diameter of 10.8 centimeters with fixed location and painted pink. The objects seen on the playing field during the game are the real golf ball, the hole, and the micro robot. The micro robot golf playing capability to sink the ball into a hole is through putting. The intelligence of the robot based on the context of playing golf is derived from the software inside the computer. An RF communication system is used for the robot to receive commands from the computer. A camera is installed on top of the simulated golf course and connected to the computer to serve as the eyes of the system. All decisions or commands coming from the computer for appropriate robot actions are dependent to the images captured by the camera. From this image, information regarding the ball, the golf hole, and the robot location will be extracted and analyzed to come up with navigation strategies. These strategies dictate the robot real time action in performing its task like positioning, putting, and avoiding obstacles. The robot has two dc motors or actuators responsible for its motion. The shaft of each motor is connected to the wheel. Hence, motions of the robot are dependent to the rotation of the left and right wheels.
The actual physical structure of the golf playing micro robot is shown in figure 1 . The actual size of the robot is limited to 10 cubic centimeters and has a total weight of not more than 780 grams.
The robot structure is composed of the wheels, putter, and body. The wheels are attached almost at the back in order to achieve optimum stability. A ball caster wheel is attached at the center front to stabilize the robot motion. The arm or putter is designed such that the face is wide enough to ensure that it hits the ball and has a long point of contact with the target to hit. This design is based on a flat faced blade type putter. The robot's body includes the back wall, battery door cover, right wall, left wall, front wall, and the robot's cover with the patch. Figure 2 shows the overall process structure of the autonomous golf playing micro robot. The process starts in the camera vision system where images of the golf field are captured and analyzed in the PC. Using these images the fuzzy logic algorithm decides for the actions of the robot. These actions will be sent to the robot from the PC via RF wireless communication system.
III. PROCESSES INVOLVED IN DESIGNNING THE CONTROLLER OF THE AUTONOMOUS GOLF PLAYING MICRO ROBOT
A. Vision System for Autonomous Golf Playing Micro Robot Figure 3 shows the vision system algorithm to identify the objects captured by the camera on a golf playing field. The algorithm uses color object recognition [13] , hence, the robot has 2 color patches, the ball has orange color, and the hole has pink color. Initially, it undergoes a color space transformation from RGB to RG-chromaticity space [14] . The hue and saturation were extracted in order to use the pie-slice decision region [15] . The pie-slice decision region is use to binarize the image that will be the input of the labeling process. Once the objects are labeled, size filtering is implemented in order to eliminate labeled pixels that do not match the size of the target object [13] . The centroid of the target object provides the actual object coordinates inside the playing field. set, the sequential connected component labeling algorithm will be used [13] . The flags were also used to trigger which size filtering technique should be implemented. Since the size of the different target colors varies, the size filtering for each target is different. The values set for the size filtering are shown in Table 2 . Figure 4 shows the decisions and strategies algorithm for the micro robot to play golf. The x and y coordinates of the ball, the hole, and the robot would be taken as inputs to the system. The system then checks if the ball is moving. If so then it will send a stop command to the robot. If the ball is not moving then it would check if the ball is inside the hole. When the ball is inside the hole, the game will stop, however, if the ball is not inside the hole then it would check if the location of the ball is inbound or outbound. If it is outbound, the ball needs to be repositioned manually. 
B. Micro Robot Golf Playing Strategies

IV. FUZZY LOGIC MOTION CONTROLLER FOR THE AUTONOMOUS GOLF PLAYING MICRO ROBOT
Fuzzy logic was first proposed by Zadeh based on the idea that humans do not think in terms of crisp numbers, but rather in terms of concepts [16] , [17] . The application of fuzzy logic in control problem was first introduced by Mamdani [18] . This paper presents fuzzy logic strategy module for the decision algorithm that mimics the way humans think in determining the robot path and position in hitting the ball. The fuzzy logic system approach is implemented in this research because it provides an
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effective means of translating how people think into a form that can be easily implemented in the machines [19] , [20] . The strategy module in this research is divided into two main functions. The job of the first strategy function is to bring the robot near the position of the ball and avoid obstacles. This strategy function is concerned on positioning the robot perpendicular to the ideal line of path for the ball to travel to reach the hole. This is the first target location which is heuristically placed 18 centimeters away from the ball so that the robot will have ample space to orient itself as it goes to the final target position without bumping the ball. The second strategy function will bring the robot to the final target position which is a location by which the robot shall hit or putt the ball into the hole.
Each strategy function uses fuzzy logic system to generate the velocities of the left and right wheels.
The fuzzy logic system uses two inputs de and θe shown in (rx1, ry1) = centroid of robot yellow patch (rx2, ry2) = centroid of robot blue patch (tx, ty) = centroid of target position 
A. Obstacle Avoidance Strategies Using Fuzzy Logic System (FLS)
The golf playing robot obstacle avoidance algorithm varies with respect to the specific obstacle to be avoided. Fig 7 shows a situation where the obstacle to be avoided is a wall. The obstacle avoidance for the walls is designed so that the robot takes the shortest path while avoiding the obstacle.
It is dependent on the position of the target with respect to the robot heading angle. The angle between the two is computed and has values from -180 to +180 degrees. If the angle is negative then the target is at the right of the robot, otherwise the target is at the left of the robot. Since the avoidance of a wall is dependent on the position of the target with respect to the robot, the robot should turn in the direction similar to the position of the target. This is done to get the shortest path to the target position. Figure 8 shows a situation where the obstacle to be avoided is the hole. This does not depend on the position of the target. In here, regardless of the position of target, the robot is directed to make a sharp turn to the left. It does not need to take the shortest path. The direction of the sharp turn to the left was chosen in avoiding the hole so that it would be easier for the robot to position itself since the putter is located at the front left of the robot and the direction of putt is from left to right. After the inputs to the obstacle avoidance FLS have been identified and defined, fuzzification is conducted by computing the membership of the inputs to their corresponding fuzzy sets. Fig 10 and Fig   11 show the fuzzy membership function of the distance and angle respectively. Table 3 summarizes the definitions of the variables used on the FLS obstacle avoidance controller. The fuzzy associative memory matrix (FAMM) for the left and right wheels shown in Tables 4 and 5 respectively are used when the obstacle detected is a wall and the target is at the left of the robot. The same FAMM is used when the obstacle detected is the hole. The FAMM in Tables 4 and 5 will just switched when the obstacle detected is a wall and the target is located at the right of the robot. The centroid formula developed by Mamdani is used to calculate the crisp output results [18] . Table 3 . Definitions of the variables used in the fuzzy logic obstacle avoidance controller 
V. EXPERIMENTAL RESULTS AND ANALYSIS
A. Robot Velocity Test
The robot velocity test checks the capacity of the two DC motors in moving the robot. This determines also the changes of velocities when different data are sent to both motors. Table 3 shows the results gathered for this test. This starts by making a 50 -centimeter mark on the playing field.
Transmitting a certain data corresponding to a specified speed, the robot was timed while it runs from the start until the end of the mark. The process is repeated for various data sent to the system. The time it takes for the robot to finish the whole mark under a given speed was recorded. The average time was computed and this was used in finding the velocity of the robot for each transmitted data.
Looking at the last column of table 6, it can be seen that the velocity test was successful because the velocity increases as the transmitted data decreases. Note that data 126 correspond to the slowest speed while 0 correspond to the fastest speed in forward direction. Notice also that the time results for data 36 are set to 0.8 second and 1.03 second and the computed velocity is 54.6448 centimeters per second. This means that the robot can travel 54.6448 centimeters in just a second surpassing the 
B. Putter Test
The putter test determines the farthest distance the ball can travel after being hit by the putter.
Comparison of the distances traveled by the ball given different angle combinations was made. An angle combination is the initial angle position of the putter and the final angle position after hitting the ball. The purpose of this is to get the optimum swing of the putter to hit the ball that will give the best distance traveled to shoot the ball. There were two angle combinations chosen and were used for two conditions: (1) when the distance between the ball and hole is far and (2) when the distance between the ball and hole is near. Initial values of the left velocity, right velocity and putter angle data are 127, 127, and 90 degrees respectively signifying the stop condition. In this test, only the putter angle data was being manipulated, leaving the left and right velocity data both at 127, thus the robot wheels are in stop mode. After the ball was hit, the distance it traveled was measured. Ten trials were performed for each angle combination. The bases for choosing the angle combinations were the average distance and the deviation for each angle combination. There were three maximum average distances for maximum putting distance, and three minimum average distances for minimum putting distance selected. The results of these are shown in Fig 12 and fig 13 respectively . After evaluating many conditions, the angle combination 30-180 was chosen for the maximum putting distance and the angle combination 45-110
for the minimum putting distance. Although the two chosen combinations do not provide the maximum and minimum distance, the two combinations were selected because they provide the least deviation, thus the response is more consistent than that of the other candidates.
Putting 
C. Micro Robot Golf Shooting Performance Test
The golf shooting performance test is categorized into automatic robot golf game test and manual robot golf game test. The automatic robot golf game is for the robot to play golf without human intervention. The manual robot golf game is for humans to operate the robot to play golf via computer keyboard. This manual golf game was performed by organizing a mock tournament. Table 13 shows the final comparison of the results of automatic and manual golf game categories based from the average results of tables 7 to 12. From here, it can be seen that automatic robot golf game category got an average time of 0.952 minutes to shoot the ball while the manual robot golf game category got an average time of 1.88 minutes. The time elapse to shoot the ball in manual game category is higher compared to the automatic game category because the human operator hesitates to activate the putter right away due to human nature of perfectionist behavior. With regards to the number of hits to shoot the ball both manual and automatic game category got the same average hits of 4.27.
However, it is important to note that even though the average hit of the autonomous and manual robot golf game categories are the same the manual robot golf game category had always committed violations and errors during the game, like pushing and touching the ball while positioning the robot to its final target location. Therefore based from these results it can be seen that the autonomous golf playing robot developed exhibit superior performance compared to the manual golf playing robot. 
VI. CONCLUSIONS AND RECOMMENDATIONS
An autonomous golf playing micro robot with global vision has been developed successfully using fuzzy logic controller. The robot developed played golf triumphantly, navigate the playing field, avoid obstacles, and seek for the target autonomously through the use of a camera vision system. A color object detection techniques is used for the vision system which is capable of distinguishing and differentiating the ball, the hole and the robot regardless of different lighting conditions. The wireless communication made it clear that there is a smooth transmission of data between the host computer and the robot.
A new set of golf rules for the golf playing robot was implemented. The robot played golf either operated manually or automatically through the construction of the user interface program, which was achieved using a Graphical User Interface (GUI). The manual game operation had difficulties compared to automatic game operation because it will take more time for human operator to position the robot near the ball before putting. Many times the human operator committed ball touching and pushing violations before putting. Hence, the robot that played golf autonomously exhibit superior performance compared to the robot that played golf with human operator.
In the future, it will be more challenging to develop a real humanoid robot that will play golf using its arm to putt and legs to walk to navigate the playing field.
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